The distribution pattern of polypores in Silent Valley National Park along different altitudinal gradient were analyzed. A total of 34 species under five families were documented by the plotbased survey conducted from the National Park. Most of the species showed a drastic reduction in density as the altitude increases. In lower altitude wet evergreen forest at Sairandhri (1000-1050 m) possessed more number of species (29 species) and found to be gradually decreasing as the altitude increases. The species richness decreased to 27 species (7 % reduction) at Poochippara (1150-1200 m) and in Walakkad (1300-1350 m) it was reduced to 25 (14 % reduction). Interestingly it was reduced to 11 species in Sispara (1950-2000 m) with 63 % reduction as comparing to that of the lower altitude. At Cheriyamkandam (2100-2150 m) and Valliyamkandam (2200-2250 m) the species richness was found to be 8 and 5 with 72 per cent and 83 per cent reduction respectively as comparing to that of Sairandhri. This monotonic decrease in species richness is also reflected in the polypore density. The density was found to be decreased from 2613 at Sairandhri (1000-1050 m) to 435 in high altitude shola forest at Valliyamkandam (2200-2250 m).
Introduction
Polypores or bracket fungi are macrofungi forming woody fruiting bodies with pores or tubes on the underside. The polypores are Basidiomycetes producing holobasidia and ballistosporic basidiospores typically on the inside of the tubes lining the underside of the fructification (Leelavathy & Ganesh 2000) . Most of the polypores are wood inhabiting, and rest are terrestrial. The polypores are polyphyletic and inhabit Coarse Wood Debris consuming the wood for their growth and reproduction (Ranadive et al. 2012a (Ranadive et al. , 2012b , but some soil-inhabiting species form mycorrhiza with trees. Polypores plays a primary and central role in decomposition and nutrient cycling in forest ecosystems.
The importance of polypores and the diversity of polypores in tropical forest were not known or not properly assessed, but relatively well-studied in temperate areas. The tropics are very rich source of potentially useful polypores, many of which probably have not even been recognized, described or named (Yamashita et al. 2015) . Polypores shows highest diversity in old natural forests with abundant Coarse Wood Debris than in younger forests or plantations. Consequently, a number of species have declined drastically and are under threat of extinction due to logging and deforestation.
The polypores capable of selective delignification may have diverse industrial applications like waste water treatment, wood treatment to improve digestibility of lignocellulose materials for cattle feed and for bio pulping wood in paper industry, thus reducing the energy cost (Wu et al. 2005) . Polypores possess varying degrees of edibility and many of them are used as food by indigenous people worldwide and some are cultivated commercially (Essien & Akpan 2014) . Polypores have a long history in disease treatment in various folk medicines such as in Asia, Russia, USA, Canada, Mexico and Venezuela and are extensively applied in Traditional Chinese Medicine up to the present day.
A wide range of environmental factors influence the timing and development of fruit bodies, including nutritional factors, gaseous regime, pH, light, microclimate, disturbance and inter and intra-specific mycelial interaction (Moore et al. 2008) . Understanding the responses of the lowest trophic level is critical if we are to adapt to and mitigate the ecological consequences of climate change (Walther et al. 2002 , Walther 2010 . The plant host has been identified as an influential factor in the production of fruit bodies, because of the need for some nutritional elements to build sporophores in the forest (Selosse et al. 2001) . Influences of climatic variables on fungal physiology in vitro are well-documented (Dickie et al. 2010) .
Earlier reports showed that the productivity fruit bodies is mostly related to average monthly rainfall and average monthly temperature (Lagana et al. 2002 , Salerni et al. 2002 , Aragon et al. 2007 , Krebs et al. 2008 , Pinna et al. 2010 . Regarding rainfall and temperature, a few attempts to explain the duration of fungal fruiting in relation to climate change have recently been discussed (Straatsma et al. 2001 , Mihail et al. 2007 , Gange et al. 2007 , Kauserud et al. 2008 , 2011 . Furthermore, the productivity of fungi is also determined by habitat characteristics. Generally, forest stands display greater epigeous mushroom productivity than mature stands (Pinna et al. 2010) . As polypore growth and distribution are affected by a multitude of environmental factors, differences in elevation also affect its occurrence. Here the study was conducted to understand the influence of elevational gradient on the distribution of polypores in evergreen and shola forest of Silent Valley National Park. an area of 148 sq. km. was added to this division as buffer zone. The present study was carried out in the core area of the National Park. The terrain of the SVNP is generally undulating with steep escarpments and many hillocks. The elevation ranges from 900 M to 2,300 M above MSL with the highest peak at 2,383 M (Anginda peak). Both the south west monsoon and the north eastern monsoon cause rains in this area. The major share, however, comes from the south west monsoon, which sets in during the first week of June. The heaviest rainfall is during the months of June, July, and August. The variation in the intensity of rainfall is observed across the area. The elevated hills on the western side of Silent Valley receive an average of 5045 mm and near Walakkad, the rainfall even reaches up to 6500 mm.
Materials & Methods

Study area
The forests exhibit considerable variation in floristic composition, physiognomy and life forms due to climatic, edaphic and altitudinal variations. The shola forests is seen in cliffs and sheltered folds above 1800 m where water is available in surplus. The Sispara area enriched with typical shola forests. Because of wind and high altitude these forests are stunted, the trees seldom attaining a height above 10m. Lauraceae and Myrtaceae members constitute the bulk of the flora. The dominant species found are Rhododendron arboreum, Schefflera rostrata, Ternstroemia gymnanthera, Michelia nilgirica, Gordonia obtusa, Ilex wightiana, Meliosma pinnata, Cinnamomum sulphuratum, Cinnamomum wightii, Litsea floribunda, Litsea stocksii, Euonymaus crenulatus, Glochidion ellipticum, Symplocos racemosa. 
Survey methodology
The polypores were surveyed in Silent Valley National Park (SVNP) During March 2014 to February 2015. Six permanent sample plots of size 100 m × 100 m were established in evergreen and shola forests (3 in each ecosystem) as per the methodology followed earlier studies (Yamashita et al. 2010 , Mohanan 2011 . In evergreen forests, the sample plots were taken in three different locations with altitudinal gradient viz. Sairandhri (1000-1050 m), Poochipara (1150-1200 m) and Walakkad (1300-1350 m) sections (Figs 2-4) . Three sample plots of shola forest were taken in different locations viz., Sispara (1950 Sispara ( -2000 , Cheriyamkandam (2100-2150 m) and Valliyamkandam (2200-2250 m) (Figs 5-7) . The sample plots were visited during pre-monsoon, monsoon and post monsoon periods for the documentation of polypores including collection of sporocarps, labelling, identification of rot character, taking photographs, recording macromorphological description and details of substratum in the illustrated data sheet. The rot characters were documented by examining the substrate characters and basal attached portion of polypore. A total area of 60,000 m 2 was surveyed in each of the three climatic seasons. The polypore specimens collected from the study area were kept in paper bags and brought to the lab. The specimens were properly air dried or oven dried at 70 o C and stored in polythene zipcover under less humid conditions. The specimens were identified based on their macro and micro morphological features. The color names and color codes of the specimens were given as per Kornerup & Wanscher (1967) . The identification key provided by Bakshi (1971) , Leelavathy & Ganesh (2000) , (Ranadive et al. 2011 (Ranadive et al. , 2017 (Ranadive et al. , 2018 were used for the confirmation of polypore species. Some of the specimens were compared with those in the Herbaria at Kerala Forest Research Institute, Peechi. The taxonomy and nomenclature are as per Indexfungorum (http://www.indexfungorum.org/names/names.asp), and the authors of scientific names are according to the 'Authors of Fungal Names' (http://www.indexfungorum.org/ authorsoffungalnames.htm). All the specimens collected during the study period were catalogued and kept under less humid conditions in the Department of Forest Management and Utilization, College of Forestry at Kerala Agricultural University.
Results
The distribution pattern of polypores in Silent Valley National Park along different altitudinal gradient were analyzed. Most of the species showed a drastic reduction in density as the altitude increases (Table 1 ). In lower altitude wet evergreen forest at Sairandhri (1000-1050 m) possessed high species richness (29 species) and found to be gradually decreasing as the altitude increases. The species richness decreased to 27 species (7 % reduction) at Poochippara (1150-1200 m) and in Walakkad (1300-1350 m) it was reduced to 25 (14 % reduction). Interestingly it was reduced to 11 species in Sispara (1950-2000 m) with 63 % reduction as comparing to that of the lower altitude. At Cheriyamkandam (2100-2150 m) and Valliyamkandam (2200-2250 m) the species richness was found to be 8 and 5 with 72 per cent and 83 per cent reduction respectively as comparing to that of Sairandhri. This monotonic decrease in species richness is also reflected in the polypore density. The density was found to be decreased from 2613 at Sairandhri (1000-1050 m) to 435 in high altitude shola forest at Valliyamkandam (2200-2250 m).
Discussion
The studies on the polypore diversity along the elevation gradient in Changbaishan Nature Reserve, Northeastern China also showed a monotonic decrease pattern in species richness (Dai et al. 2014 ). The polypore richness had decreased from 153 to 8 species with increasing elevation from 800 m to 1800 m, showing typical monotonic decrease pattern. They have discussed that the prevailing forest type shift and the abiotic factors were responsible for the decreasing pattern of species richness along the elevation gradient. In the present study also the forest type shift from the wet evergreen forest to the high altitude shola forest is more influential. Similarly the diversity of macrofungi in the Mount Cameroon Region was also found to decrease with the altitude (Andrew et al. 2013) .
At different positions along the altitude gradient, a positive correlations existed with respect to the relationship between species richness and diversity (Table 2) . Sairandhri was at the lowest altitude (1000-1150 m) and showed the highest Shannon-wiener index (2.9) and Margalef richness index (3.6). Diversity and richness decreased to 1.2 and 0.66 respectively in Valliyamkandam (2200-2250 m). A gradual reduction was observed in both the diversity and richness with increasing altitude (Fig. 8) . Similarly the studies on diversity and ecological distribution of macrofungi in the Laojun Mountain region, China also found that the diversity and richness were in positive relation and both were decreased with the elevation (Zhang et al. 2010 ).
The present study demonstrates that elevation is a factor in distribution of polypore species. Schmit et al. (2005) also found that there was a trend of decreasing macrofungal richness at higher latitudes. The macrofungal growth and distribution are affected by a multitude of factors. A number of environmental factors are associated with differences in elevation and the more important of these are temperature and precipitation, duration and intensity of illumination, physical and chemical characteristics of the soil, topographic position, tree density (Zhang et al. 2010) . These factors could potentially explain some of the variation in macrofungal species richness (Straatsma et al. 2001 , Mulder & Zwart 2003 , Rolstad et al. 2004 , Gilbert et al. 2008 . In the present study, remarkable changes in both the environment and ecological situation is prominent in both wet evergreen and shola forests. The tree composition also showed a significant difference in both the habitats.
The study of variation that exists for dominance and evenness showed that the degree of dominance increased and the degree of evenness decreased along the altitude gradient (Fig. 9) . Similar pattern of increasing dominance of some macrofungi species which are able to tolerate the prevailing environmental severity were recorded in Laojun Mountain region in China (Zhang et al. 2010) . The species like Phylloporia pectinata, Fulvifomes cesatii, Leucophellinus hobsonii, Trametes ochracea and Trametes pubescens were recorded only from high altitude shola forest, indicating its environmental tolerance and habitat preference. Trametes ochracea showed high density in shola forest while Trametes menziesii and Microporus xanthopus, the dominant species in wet evergreen forest were recorded with low density.
The phenomenon that many sporocarps of certain polypore species become smaller with increasing elevation was noted during the field work (Plate 19). The studies on macrofungi of East Himalaya and their adaptive characteristics by Mao (1985) also reached a similar conclusion that fruiting bodies become smaller with increasing elevation. The smaller sporocarps also seem better adapted for the more extreme environmental conditions that exist at higher elevations (Zhang et al. 2010) . The lower temperatures, more abundant precipitation, greater humidity, stronger radiation in shola forest could be the reason for the smaller sporocarps production. 
